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METHOD FOR MANUFACTURING A 
MEMBER FOR PURIFYING AUTOMOBILE 

EXHAUST GAS 

[0001] Method for manufacturing a member for purifying 
automobile exhaust gas The present invention generally con 
cerns methods for manufacturing members for purifying 
automobile exhaust gas. 
[0002] More speci?cally, the invention concerns a method 
for manufacturing a member for purifying exhaust gas for an 
automobile exhaust line, the puri?cation member comprising 
a substantially cylindrical enclosure de?ning a circulation 
channel for the exhaust gas, a substantially cylindrical 
exhaust gas puri?cation unit arranged in the enclosure, and at 
least one element for supporting the exhaust gas puri?cation 
unit, the exhaust gas puri?cation unit having a side Wall 
turned toWard the enclosure and de?ning an annular space 
With said enclosure, the or each support element being 
inserted into the annular space betWeen the enclosure and the 
side Wall of the exhaust gas puri?cation unit. 
[0003] Us. Pat. No. 6,389,693 describes a manufacturing 
method comprising a step for measuring the diameter of the 
gas puri?cation unit, a step for measuring the mass of the 
support element, and a step for calculating the diameter of the 
enclosure as a function of the measurements done. 

[0004] In certain puri?cation members obtained using this 
method, the exhaust gas puri?cation unit is not completely 
supported inside the enclosure. 
[0005] In this context, the invention aims to propose a 
manufacturing method that is even more precise. 
[0006] To that end, the invention concerns a method for 
manufacturing a puri?cation member of the aforementioned 
type, characterized in that it comprises the folloWing steps: 

[0007] obtaining a ?rst quantity representative of a mass 
of the exhaust gas puri?cation unit; 

[0008] using at least the ?rst quantity obtained, deter 
mining an installation density of the or each support 
element in the annular space; 

[0009] determining at least one diameter of the enclosure 
as a function of the determined installation density; 

[0010] assembling the enclosure, the support element(s) 
and the gas puri?cation unit, so as to obtain the diameter 
that Was determined for the enclosure and the installa 
tion density that Was determined for the support element 
(S) 

[0011] The method can also include one or several of the 
features beloW, considered individually or according to all 
technically possible combinations. 
[0012] The installation density (dmolmted) is determined by 
calculating a stress (F) applied to the gas puri?cation unit 
from the ?rst quantity obtained and determining the installa 
tion density (dmolmted) from the calculated stress (F). 
[0013] The installation density (dmoumed) is determined 
from the stress (F) calculated using predetermined mappings. 
[0014] The method also comprises a step for obtaining a 
third quantity (Db) representative of the diameter of the gas 
puri?cation unit, the diameter of the enclosure (Denclosure) 
also being determined as a function of the third obtained 
quantity (Db). 
[0015] The method also comprises the folloWing steps: 

[0016] obtaining a second quantity representative of the 
mass (Mb) of the or each support element; 
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[0017] using the second quantity (Mn), determining the 
initial surface density (MSin) of the or each support 
element before installation; 

[0018] determining a thickness value (e) of the annular 
space as a function of the determined surface density 

(MSin); 
the diameter (Denclosure) of the enclosure also being deter 
mined as a function of the determined thickness value (e). 
[0019] The thickness value (e) is calculated as a function of 
the ratio betWeen the determined surface density (MSin) and 
the determined installation density (dmoumed). 
[0020] The enclosure, the support element(s) and the 
exhaust gas puri?cation unit are assembled using the folloW 
ing steps: 

[0021] arranging the support element(s) around the 
exhaust gas puri?cation unit; 

[0022] inserting the support element(s) and the exhaust 
gas puri?cation unit into the enclosure, so as to obtain a 
provisional diameter of the enclosure larger than the 
determined diameter (Denclosure) and a provisional 
installation density for the support element(s) loWer than 
the determined installation density (dmolmted); 

[0023] reducing the enclosure to the determined diam 
eter (Denclosure), the support element(s) then being at 
the determined installation density (dmolmted). 

[0024] The insertion step is carried out by inserting the 
support element(s) and the exhaust gas puri?cation unit into 
the enclosure forcibly, or by rolling the enclosure around the 
support element(s). 
[0025] The enclosure, the support element(s) and the 
exhaust gas puri?cation unit are assembled using the folloW 
ing steps: 

[0026] arranging the support element(s) around the gas 
puri?cation unit; 

[0027] inserting the support element(s) and the exhaust 
gas puri?cation unit into the enclosure, so as to directly 
obtain the determined diameter (Denclosure) for the 
enclosure and the determined installation density 
(dmolmted) for the support element(s). 

[0028] The exhaust gas puri?cation unit is a particle ?lter of 
a catalytic puri?cation member. 
[0029] Other features and advantages of the invention Will 
emerge from the detailed description thereof provided beloW, 
for information and non-limitingly, in reference to the 
appended ?gures, in Which: 
[0030] FIG. 1 is a longitudinal cross-sectional vieW of a 
puri?cation member manufactured using the method accord 
ing to the invention; 
[0031] FIG. 2 is a diagram shoWing the steps of the method 
according to the invention making it possible to determine the 
diameter of the enclosure to be manufactured; 
[0032] FIGS. 3 to 6 are diagrammatic vieWs illustrating the 
different steps of assembling the puri?cation member. 
[0033] The exhaust gas puri?cation member 1 illustrated in 
FIG. 1 is intended to be inserted in an automobile exhaust line 
(not shoWn). It includes a substantially cylindrical enclosure 
3, a substantially cylindrical exhaust gas puri?cation unit 5 
and a supporting lap 7 for the gas puri?cation unit. The 
enclosure 3 is a metal enclosure provided to be connected 
toWard the upstream direction of the exhaust line to a diver 
gent cone de?ning an exhaust gas inlet, and toWard the doWn 
stream direction a convergent cone de?ning an exhaust gas 
outlet. The inlet is connected to the manifold of the exhaust 
line, Which captures the exhaust gas coming out of the com 
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bustion chambers of the engine. The outlet is connected to the 
cannula through Which the exhaust gas is released into the 
atmosphere after puri?cation. 
[0034] Upstream and doWnstream here are used in relation 
to the normal direction of circulation of the exhaust gas. 

[0035] The unit 5 is typically a particle ?lter or a catalytic 
puri?cation member. A catalytic puri?cation member is typi 
cally made up of a gas-permeable structure covered With 
catalytic metals favoring oxidation of the combustible gases 
and/ or reduction of the nitrogen oxides. 

[0036] A particle ?lter is made of a ?ltration material made 
up of a monolithic structure made of ceramic or silicon car 
bide having su?icient porosity to alloW the passage of the 
exhaust gases. However, as is knoWn in itself, the diameter of 
the pores is chosen small enough to ensure retention of the 
particles, and in particular soot particles, on the upstream face 
of the ?lter. The particle ?lter can also be made up of a 
cartridge ?lter or a sintered metal ?lter. 

[0037] The particle ?lter used here for example includes a 
set of parallel ducts distributed into a ?rst group of inlet ducts 
and a second group of outlet ducts. The inlet and outlet ducts 
are arranged in staggered roWs. 

[0038] The inlet ducts emerge on the upstream section of 
the particle ?lter and are covered at the doWnstream section of 
the particle ?lter. 
[0039] On the contrary, the outlet channels are covered over 
the upstream section of the particle ?lter and emerge on its 
downstream section. 

[0040] The enclosure 3 and the gas puri?cation unit 5 are 
substantially coaxial, this axis being noted X in FIG. 1. The 
unit 5 has a reduced diameter in relation to the enclosure 3. It 
is de?ned by a side Wall 9 turned toWard the enclosure 3 and 
de?ning an annular space 11 With the enclosure 3. 

[0041] The support lap 7 is arranged in the annular space 
11. It is inserted betWeen an inner face 13 of the enclosure and 
the side Wall 9 of the gas puri?cation unit. It extends over the 
majority of the axial length of the unit 5. 
[0042] The enclosure 3 therefore inWardly de?nes a pas 
sage for circulation of the exhaust gas from the inlet to the 
outlet through the ceramic material unit 5. The exhaust gases 
are puri?ed as they pass through the unit 5. 

[0043] The lap 7 is for example made of an intumescent 
material. The lap can be of the XPEAV2 type sold by the 
company UNIFRAX or for example the type sold under the 
name NEXTEL SAFFIL or 3M, or the type sold under the 
name CC-MAX or FIBERMAX by the company UNIFRAX. 

[0044] The lap 7 bears outWardly on the enclosure 3 and 
bears inWardly on the unit 5. It therefore exerts radial pres sure 
on the unit 5. The lap 7 contributes to keeping the unit 5 in 
position When the latter is subjected to a longitudinal stress 
parallel to the axis X, and also When the latter is subjected to 
a radial stress. When the unit 5 is subjected to a longitudinal 
stress, the friction betWeen the unit 5 and the lap 7 and 
betWeen the lap 7 and the enclosure 3 are such that the move 
ment of the unit 5 in relation to the enclosure 3 is very limited. 

[0045] To obtain this effect, it is necessary to install the lap 
7 in the annular space 11 With a suitable installation density. 
Installation density refers to the density of the lap 7 at ambient 
temperature. This density must not be too loW because the 
unit 5 Would be poorly kept in position in relation to the 
enclosure 3 under the effect of a longitudinal stress. This 
Would be true in particular at high temperatures, due to the 
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differential expansion betWeen the enclosure 3 and the unit 5, 
Which leads to an increase in the thickness of the annular 
space. 
[0046] The installation density also must not be too high, to 
avoid damaging the ceramic material unit, in particular in the 
long term. 
[0047] The manufacturing method explained beloW takes 
these various constraints into account. 
[0048] The method includes a ?rst phase aiming to deter 
mine the diameter of the enclosure 3 of the puri?cation mem 
ber. 
[0049] As shoWn in FIG. 2, to that end the method includes 
a step in Which a ?rst quantity Mb representative of the mass 
of the gas puri?cation unit 5 is obtained, a step during Which 
a second quantity Mn representative of the mass of the lap 7 
is obtained, and a step during Which a third quantity Db 
representative of the diameter of the gas puri?cation unit 5 is 
obtained. 
[0050] The diameter Db for example corresponds to the 
average of several exterior diameter measurements, done on 
different sections of the unit 5. These sections are for example 
regularly axially spaced along the unit 5. The quantity Db can 
also correspond to the maximum of the values noted at dif 
ferent points of the unit 5. The masses Mb and Mn are for 
example directly measured using scales. 
[0051] As shoWn in FIG. 2, the method includes a step 
during Which the stress F necessary to keep the unit in posi 
tion in relation to the enclosure 3 is calculated. A longitudinal 
stress is considered here. The stress F can be calculated using 
the folloWing formula: 

FIMb g9.81 

[0052] Where g is the longitudinal acceleration applied to 
the unit 5. A predetermined acceleration g is used to calculate 
F. This acceleration for example corresponds to the maximum 
acceleration undergone by the unit in standard life situations 
of the vehicle. These life situations are for example standing 
start With strong acceleration, emergency braking, or the 
impact of the vehicle against an obstacle at moderate speed. 
[0053] The installation density of the lap 7 betWeen the unit 
5 and the enclosure 3 is then determined, as a function of the 
stress F calculated above. The installation density is 
expressed in lap mass per volume unit of the annular space, at 
ambient temperature. The installation density dmolmted is 
determined using predetermined mappings. These mappings 
come from bench and/ or road tests of the vehicle. They give 
the density dmolmted as a function of the stress F for different 
types of laps and different types of units. 
[0054] The density of the lap before installation MSin is 
then determined. 
[0055] The density of the lap before installation is a surface 
density. It is obtained by dividing the mass Mn of the lap by 
the area of the lap, the area being considered under conditions 
Where the lap is not compressed or stretched. 
[0056] The thickness to be provided for the annular space 
11 betWeen the side Wall 9 of the unit and the inner face of the 
enclosure 13 is then determined. This thickness is calculated 
using the folloWing formula: 

eIMSin/d mounted 

[0057] Where e is the thickness expressed in millimeters, 
MSin is expressed in grams per square meter, and dmoumed is 
expressed in kilograms per cubic meter. 
[0058] The inner and/or outer diameter of the enclosure is 
then calculated using the folloWing formulas. 

Inner diameter: Denclosure:Db+2e 

Outer diameter: DeX,:Db+2e+2Ep 
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[0059] Where Ep is the thickness of the enclosure 3. Ep is 
measured, or is provided by the manufacturer of the enclo 
sure. 

[0060] During a second phase, illustrated in FIGS. 3 to 7, 
the enclosure, the lap, and the gas puri?cation unit are 
assembled so as to obtain the determined diameter for the 
enclosure and the determined installation density for the lap. 
[0061] In a ?rst embodiment, an enclosure 3 is supplied 
With an inner diameter equal to the diameter Denclosure 
calculated as described above. The lap 7 is ?rst arranged 
around the ceramic unit 5. The lap and the unit are then jointly 
inserted into the enclosure. For example, the lap and the unit 
are forcibly inserted into the enclosure 3, using a tube sinking 
15 and a piston 17. The tube sinking 15 comprises a substan 
tially convergent tapered inner channel 19. The end 21 of the 
channel 19 having a small diameter has an inner diameter 
substantially equal to the inner diameter of the enclosure 3. 
The enclosure 3 is placed next to and in the extension of the 
end 21. It is locked in relation to the tube sinking 15 by a stop 
23. 
[0062] The unit 5 and the lap 7 are forced along the inner 
channel 19 from the end 25 having the larger diameter by the 
piston 17. The lap 7 is gradually compressed as the unit 5 and 
the lap 7 move along the inner channel 19 and penetrate the 
enclosure 3 (FIG. 4). The piston 17 pushes the lap 7 and the 
unit 5 until they are completely housed in the enclosure 3 
(FIG. 5). For example, the stop 23 is used to limit the travel of 
the unit 5 and the lap 7 and stop them in the desired position 
in relation to the enclosure 3. 

[0063] In another embodiment, an enclosure is supplied 
that has an inner diameter slightly larger than the diameter 
Denclosure calculated as described above. This alternative is 
described in Us. Pat. No. 6,389,693. 
[0064] As before, the lap 7 is ?rst arranged around the 
ceramic unit 5. The lap and the gas puri?cation unit are then 
inserted into the enclosure, for example using the tube sinking 
15 and piston 17, according to the procedure described in 
reference to FIGS. 3 to 5. 

[0065] Once the lap is inserted, it has a provisional instal 
lation density loWer than the installation density dmolmted 
determined as described above. The enclosure has a provi 
sional inner diameter larger than the diameter Denclosure 
determined according to the method above. As illustrated in 
FIG. 6, the enclosure is then reduced to the determined diam 
eter 

[0066] Denclosure, the lap being compressed at the same 
time to an installation density corresponding to the value 
dmolmted calculated above. 
[0067] To that end, the puri?cation member is placed in a 
cylindrical compression tool 27, as illustrated in FIG. 6. The 
tool 27 includes a plurality of sectors 29 inWardly de?ning a 
cavity 31 in Which the puri?cation member is placed. The 
sectors 29 are distributed circumferentially, around the cavity 
31. They are initially separated from each other by circum 
ferential interstices. 
[0068] The tool 27 also includes means for urging the dif 
ferent sectors 29, in a controlled manner, radially toWard the 
inside of the cavity. The sectors 29 then bear on the outer 
surface of the enclosure 3 and Will stress it until the enclosure 
has the outer diameter 1) calculated above. ext 

[0069] The above method has multiple advantages. 
[0070] Because it comprises the folloWing steps: 

[0071] obtaining a ?rst quantity representative of a mass 
of the exhaust gas puri?cation unit; 
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[0072] obtaining a second quantity representative of the 
mass of the or each support element; 

[0073] using the ?rst and second obtained quantities, 
determining an installation density of the or each sup 
port element in the annular space; 

[0074] determining at least one diameter of the enclosure 
as a function of the determined installation density; 

[0075] assembling the enclosure, the support element(s) 
and the exhaust gas puri?cation unit, so as to obtain the 
determined diameter for the enclosure and the deter 
mined installation density for the support element(s); 

[0076] the method makes it possible to more precisely 
manufacture the puri?cation member. In particular, the diam 
eter of the enclosure is more precisely dimensioned. 
[0077] When the manufacturing method takes measure 
ments of the mass of the or each support element, the mass of 
the gas puri?cation unit and the diameter of the gas puri?ca 
tion unit all into account, it makes it possible to dimension the 
enclosure of the puri?cation member especially precisely. 
This makes it possible, if applicable, to decrease the thickness 
of the metal enclosure, and therefore to save material. 
[0078] This also makes it possible to more accurately 
dimension the installed density of the support element(s) and 
thereby increase the longevity of those elements. 
[0079] In certain cases, the method makes it possible to 
loWer the installation density of the support element(s), and 
therefore to use elements having a loWer mass per surface 
unit, in the unstressed state. 
[0080] Moreover, because the installation density of the 
support element(s) is Well controlled, the risks of damaging 
the gas puri?cation unit over time are reduced. 
[0081] The insertion of the support elements and the unit 
inside the enclosure is better mastered, since the diameter of 
the enclosure is precisely dimensioned. In particular, this 
makes it possible to limit the amplitude of the reduction 
necessary to insert the support element(s) and the unit inside 
the enclosure. 
[0082] For a ceramic unit With a more complex shape, the 
method can make it possible to avoid using an erosion seal. In 
fact, the erosion depends directly on the compression density 
of the lap. Strong erosion can be seen When the installation 
density is too loW or too high. A better estimate of the instal 
lation density therefore makes it possible to distance the 
system from densities at risk for erosion. 
[0083] The method described above can have multiple 
alternatives. 
[0084] In one non-preferred alternative, only the mass of 
the gas puri?cation unit is measured, and a predetermined 
diameter value for the unit and a predetermined mass value 
per surface unit for the lap are used to determine the diameter 
of the enclosure. 
[0085] The lap and the unit are not necessarily inserted into 
the enclosure using a tube sinking. For example, the enclosure 
can be rolled around the lap. 
[0086] In the alternative Where it is necessary to reduce the 
enclosure after insertion of the or each support element and 
the unit, this operation can be done by passing the assembly 
formed by the unit, the support element(s) and the enclosure 
through a tube sinking having a tapered inner channel. This 
tube sinking is generally of the type illustrated in FIGS. 3 to 
5. 
[0087] The unit is not necessarily kept in place in the enclo 
sure by a lap. The unit can be kept in place by one or several 
seals, typically tWo seals placed at the tWo axial ends of the 
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unit. The seals can be O-rings, placed around the units in the 
annular space separating the unit from the enclosure. 
[0088] The seals can also be annular seals With L-shaped 
sections. Each seal has a Wing engaged around the unit in the 
annular space separating the unit and the enclosure. Each seal 
also includes another Wing pressed on a frontal unit face 
perpendicular to the axis X. The seals can be made of metal 
?bers and/or ceramic ?bers. 
[0089] The unit can also be kept in place both by a lap 
inserted betWeen a central axial section of the unit and the 
enclosure, and one or several seals as described above, 
inserted betWeen the axial ends of the units and the enclosure. 

1. A method for manufacturing a member for purifying 
exhaust gas for an automobile exhaust line, the puri?cation 
member (1) comprising a substantially cylindrical enclosure 
(3) de?ning a circulation channel for the exhaust gas, a sub 
stantially cylindrical exhaust gas puri?cation unit (5) 
arranged in the enclosure (3), and at least one element (7) for 
supporting the exhaust gas puri?cation unit (5), the exhaust 
gas puri?cation unit (5) having a side Wall (9) turned toWard 
the enclosure (3) and de?ning an annular space (11) With said 
enclosure (3), the or each support element (7) being inserted 
into the annular space (11) betWeen the enclosure (3) and the 
side Wall (9) of the exhaust gas puri?cation unit (5), the 
method being characterized in that it comprises the folloWing 
steps: 

obtaining a ?rst quantity representative of a mass (Mb) of 
the exhaust gas puri?cation unit (5); 

using at least the ?rst quantity obtained, determining an 
installation density (dmolmted) of the or each support 
element (7) in the annular space (11); 

determining at least one diameter (Denclosure) of the 
enclosure (3) as a function of the determined installation 
density (dmounted); 

assembling the enclosure (3), the support element(s) (7) 
and the gas puri?cation unit (5), so as to obtain the 
diameter that Was determined for the enclosure (3) and 
the installation density (dmoumed) that Was determined 
for the support element(s) (7). 

2. The method according to claim 1, characterized in that 
the installation density (dmolmted) is determined by calculating 
a stress (F) applied to the gas puri?cation unit (5) from the 
?rst quantity obtained and determining the installation den 
sity (dmolmted) from the calculated stress (F). 

3. The method according to claim 2, characterized in that 
the installation density (dmolmted) is determined from the 
stress (F) calculated using predetermined mappings. 

4. The method according to claim 1, characterized in that it 
also comprises a step for obtaining a third quantity (Db) 
representative of the diameter of the gas puri?cation unit (5), 
the diameter of the enclosure (Denclosure) also being deter 
mined as a function of the third obtained quantity (Db). 

5. The method according to claim 1, characterized in that it 
also comprises the folloWing steps: 

obtaining a second quantity representative of the mass 
(Mb) of the or each support element (7); 
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using the second quantity (Mn), determining the initial 
surface density (MSin) of the or each support element 
(7) before installation; 

determining a thickness value (e) of the annular space (11) 
as a function of the determined surface density (MSin); 

the diameter (Denclosure) of the enclosure (3) also being 
determined as a function of the determined thickness 
value (e). 

6. The method according to claim 5, characterized in that 
the thickness value (e) is calculated as a function of the ratio 
betWeen the determined surface density (MSin) and the deter 
mined installation density (dmoumed). 

7. The method according to claim 1, characterized in that 
the enclosure (3), the support element(s) (7) and the exhaust 
gas puri?cation unit (5) are assembled using the folloWing 
steps: 

arranging the support element(s) (7) around the exhaust 
gas puri?cation unit (5); 

inserting the support element(s) (7) and the exhaust gas 
puri?cation unit (5) into the enclosure (3), so as to obtain 
a provisional diameter of the enclosure (3) larger than 
the determined diameter (Denclo sure) and a provisional 
installation density for the support element(s) (7) loWer 
than the determined installation density (dmolmted) ; 

reducing the enclosure (3) to the determined diameter 
(Denclosure), the support element(s) (7) then being at 
the determined installation density (dmolmted). 

8. The method according to claim 7, characterized in that 
the insertion step is carried out by inserting the support ele 
ment(s) (7) and the exhaust gas puri?cation unit (5) into the 
enclosure (3) forcibly, or by rolling the enclosure (3) around 
the support element(s) (7). 

9. The method according to claim 1, characterized in that 
the enclosure (3), the support element(s) (7) and the exhaust 
gas puri?cation unit (5) are assembled using the folloWing 
steps: 

arranging the support element(s) (7) around the gas puri 
?cation unit (5); 

inserting the support element(s) (7) and the exhaust gas 
puri?cation unit (5) into the enclosure (3), so as to 
directly obtain the determined diameter (Denclosure) 
for the enclosure (3) and the determined installation 
density (dmolmted) for the support element(s) (7). 

10. The method according to claim 1, characterized in that 
the exhaust gas puri?cation unit (5) is a particle ?lter of a 
catalytic puri?cation member. 

11. The method according to claim 1, characterized in that 
the ?rst quantity is obtained by measuring the mass (Mb) of 
the exhaust gas puri?cation unit (5). 

12. The method according to claim 1, characterized in that 
it comprises a step for obtaining a second quantity represen 
tative of the mass (Mn) of the or each support element (7), the 
installation density (dmolmted) of the or each support element 
(7) in the annular space (11) being determined using the ?rst 
and second obtained quantities. 

* * * * * 


